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Abstract
Two algorithms for the identication of galaxy groups from redshift surveys are
tested by application to simulated data derived from N-body simulation. The accuracy
of the membership assignments by these algorithms is studied in a companion to this
paper (Frederic 1994). Here we evaluate the accuracy of group mass estimates and the
group-group correlation function.
We nd a strong bias to low values in the virial mass estimates of groups identied
using the algorithm of Nolthenius & White (1987). The Huchra & Geller (1982) algo-
rithm gives virial mass estimates which are correct on average. These two algorithms
result in group catalogs with similar two-point correlations.
We nd that groups in a CDM model have excessively large mass to light ratios
even when the group richness distribution agrees with observations. We also nd that
our CDM groups are more strongly correlated than individual halos (galaxies), unlike
the groups in the CfA redshift survey extension.
Subject headings: galaxies: clustering | galaxies: groups of
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1 Introduction
Dynamical studies of groups of galaxies are
important for probing the galaxy and the mass
distributions in the universe over two orders of
magnitude in mass, between the small scales
probed by the internal velocities of individual




) and the larger





). Previous workers (see Paper I for ref-
erences), many using dierent and often subjec-
tive criteria for dening groups, have identied
groups, estimated their masses and other inter-
nal properties, and characterized their cluster-
ing properties. A general diculty in this work
has been the determination of reliable error esti-
mates.
In this paper we are concerned with identify-
ing galaxy groups and measuring their internal
properties (masses, mass to light ratios, internal
velocity dispersions, etc.) as well as their clus-
tering properties. We study two algorithms for
identifying galaxy groups from redshift surveys.
The rst was introduced by Huchra & Geller
(1982, hereafter HG82) and used by the same au-
thors in Geller & Huchra (1983, hereafter GH83)
and again by Ramella, Geller & Huchra (1989,
hereafter RGH89). The second was proposed by
Nolthenius & White (1987, hereafter NW87) as
an improvement to the rst. We test these al-
gorithms by applying them to simulated redshift
survey data obtained from an N-body simulation
performed by Gelb (1992). A companion paper,
Frederic (1994, hereafter Paper I), focuses on the
accuracy of the membership assignments for each
group nding algorithm. Here we study the accu-
racy of the group mass estimates and correlation
function.
We optimize the group nding algorithms by
applying them to the redshift survey catalogs
constructed from our simulation. Once the limi-
tations of the group nding algorithms have been
determined, we can apply the optimized algo-
rithms to real data. We use the rst 6

decli-
nation slice of the Center for Astrophysics (CfA)
redshift survey extension complete to m
B
= 15:5
(Huchra, J.P., et al. 1990) The data were ob-
tained electronically through the Astronomical
Data Center of the National Space Science Data
Center/World Data Center A for Rockets and
Satellites at NASA Goddard Space Flight Cen-
ter. We used the February 1992 version of
the catalog, ADC catalog number 7144 (Huchra,
J.P., et al. 1992).
Once a group catalog has been constructed
and uncertainties in groupmembership have been
quantied, group masses may be determined by
application of the virial theorem or similar tech-
niques (Heisler, Tremaine, & Bahcall, 1985). Ap-
plication of these methods to simulated groups of
known mass allows determination of the uncer-
tainty inherent in the dynamical mass estimates.
Paper I contains descriptions of the N-body
experiment and DENMAX, the method of galaxy
identication in the simulation, as well as the
method by which magnitude limited redshift cat-
alogs were generated from the simulation. An
important consideration dealt with in Paper I is
the overmerging problem, common to high res-
olution N-body simulations of collisionless mat-
ter, in which small clumps of mass merge into
extremely large clumps with almost no substruc-
ture. Specic group nding algorithms were then
discussed and their accuracy studied. In this pa-
per, section 2 describes the group nding algo-
rithms. Section 3 is concerned with the internal
properties of groups, such as masses and mass to
light ratios. The group-group correlation func-
tions are studied in section 4. Section 5 presents
conclusions. An appendix containing denitions
of various statistics follows.
2 Group Finding Algorithms
Groups are identied by both the HG82 algo-
rithm and by the NW87 algorithm. Hereafter HG
and NW will refer to the algorithms and to the
groups constructed using the algorithms. Each
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operates on a list of galaxy angular positions
and redshifts. Each pair of galaxies which are
separated by less than some specied amount in
both redshift and projected separation is consid-
ered linked. Each distinct set of mutually linked
galaxies is a group.
The radial and transverse linking lengths for















































) is the abso-
lute magnitude of the brightest galaxy visible at
a distance V=H
0










is the absolute magnitude of the brightest visi-









are the linking cutos at V
F
, and (M) is
the galaxy absolute magnitude (luminosity) func-
tion.
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 1
) : (4)
In each algorithm, the linking lengths increase
with redshift to account for the declining selec-
tion function. The primary dierence between
the two algorithms is in the scaling of the veloc-
ity linking length, which increases more slowly
with redshift for the NW than for the HG algo-
rithm. The algorithms are described in greater
detail by the original authors and in Paper I.
These algorithms are applied to simulated red-
shift surveys constructed by two methods. In the
rst, which we call our \raw" catalog, each halo
formed in the simulation is treated as a single
galaxy. To construct our \breakup" catalog, ha-
los which are too large as a result of overmerg-
ing are split into several galaxies based on an
assumed mass to light ratio for clusters and the
galaxy luminosity function. In either case, sim-
ulated galaxy luminosities are selected to t the
Schechter (1976) form of the luminosity function
as determined by de Lapparent, Geller, & Huchra
(1988) for the rst slice of the CfA survey exten-
sion. The rank order of halo circular velocities is
preserved, so that the nth brightest halo has the
nth largest circular velocity. The details of these
procedures are given in Paper I.
We construct group catalogs using three vari-
ants of each of the HG and NW algorithms, from
ten (corresponding to ten dierent observers)
simulated redshift surveys. Ten observers are
used to produce enough groups to give good
statistics. Of the three variants on the group
nding algorithms, one is the basic algorithm,
where groups are identied from an apparent
magnitude limited redshift survey using only the
observationally available coordinates of redshift,
right ascension, and declination. We call the re-
sult a catalog of Vm groups, with V signifying
the use of velocity (redshift) as the radial coor-
dinate and m indicating that the source galaxy
list was apparent magnitude limited. In order to
isolate the eects of peculiar velocities on group
identication we also construct our Rm catalog,
in which real distance rather than velocity is used
as the radial coordinate. In this case we use the
same link (D
L
, eqs. [1] and [3]) in both the ra-
dial and transverse directions. Finally, we con-
struct our RM catalogs, which are also based on
true distances but have as their source an ab-
solute magnitude limited galaxy list. The RM
catalogs allow us to evaluate the eect of the
magnitude limit on group properties. We con-
struct RM catalogs using a xed linking length.
To summarize, for each of ten observers in two
halo catalogs (breakup and raw), we construct
three types (Vm, Rm and RM) of catalogs based
on two grouping algorithms (HG and NW), for
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a total of 100 distinct group catalogs. (RM cat-
alogs do not distinguish between HG and NW.)
Unless explicitly noted, all galaxies and groups
referred to are from simulation; real groups from
the CfA survey are denoted as such.
3 Group Properties
Observers of galaxy groups have been partic-
ularly concerned with group mass to light ra-
tios, under the assumption that the typical group
mass to light ratio is representative of the uni-
verse as a whole. In particular, the median mass
to light ratio of groups may be multiplied by the
luminosity density of the universe to estimate the
mean mass density. The luminosity function used
to illuminate our simulated halos corresponds to







Thus, a universal mass to light ratio of 1341h
corresponds to 
 = 1. We compute mass to light
ratios for our simulated groups, but emphasize
that any results based on mass to light ratios
must be interpreted conservatively, as they are
likely to be sensitive to the manner in which our
dark halos were illuminated. For this reason we
prefer to consider the accuracy of our group mass
estimates, obtained with the standard virial the-
orem (Heisler et al. 1985), rather than mass to
light ratios.
In order to determine the accuracy of our virial
theorem mass estimates, we must compute the
true masses of groups in the simulated catalogs.
Our halo identication procedure, DENMAX, as-
sociates particles with peaks in the evolved den-
sity eld. A further procedure removes those par-
ticles which are not gravitationally bound to a
halo. The result is a mass for each N-body halo
which we denote M
halo
. Because the virial theo-
rem is insensitive to mass which is not part of the
system for much of its evolution, we expect the
virial masses of the groups to measure the bound
masses of the halos, plus any mass which may be
bound to the group as a whole but not to any
individual halo. In order to determine how much
mass might be lurking in our simulated groups,
unattached to halos, we counted the number of
particles within one Abell radius (1:5h
 1
Mpc)
of the centers of the illuminated halos in our raw
halo catalog. We found that 69% of the mass in
the simulation was within an Abell radius of a
halo, and that 54% of the mass was bound to the
halos. Therefore, at most 15% of the mass may
be in groups but not bound to any halo. This es-
timate is certainly high, since it counts mass near
all halos, not just halos in groups. And some frac-
tion of this mass which is near but not bound to
a halo is probably not bound to any group, de-
spite being within an Abell radius, and therefore
would not be reected in the virial masses. So
when computing the true mass of a group, ignor-
ing the mass which is not bound to any illumi-
nated halo will probably result in an undercount-
ing of the true mass by less than 10%.
In order to determine the total true mass of
a simulated group we must know which of the
galaxies fainter than the magnitude limit are
to be included in the group. In the most gen-
eral case, a given Vm or Rm group may contain
some members which are common to a larger RM
group, some other members which are equivalent
to an entire RM group, and still other members
which are not in any RM group. We choose to
consider the true masses M
true
of our Vm and
Rm groups to be the sum of the masses of the
RM groups which overlap them in whole or in
part. That is, we sum the masses of the members




ing to a halo of 6 particles), and assign those
masses to the Vm or Rm group which contains
members of the RM group. We also computed,
instead of the total mass of the RM components,
the mass of the most massive RM component. In
many cases these masses are identical. We pre-
fer the total mass of the RM components to the
largest mass component because the total mass
includes those small RM groups that are below
the magnitude limit in the Vm and Rm catalogs.
Considering only the largest fraction of this mass
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would be ignoring mass which is near the Vm or
Rm group and has contributed to the gravita-
tional binding of the group.
3.1 Internal Properties of Simulated Groups
In Paper I we studied the accuracy of the
group nding algorithms by comparing the mem-
berships of redshift space groups to those of real
space groups. It is possible, however, that ac-
curate group memberships are not essential for
computing certain statistics such as the mean or
median of the distribution of a particular group
property. RGH89 argue in favor of this point,
claiming in particular that the median M=L of
their most accurately identied groups was es-
sentially the same as the median M=L for their
entire sample of groups, including those contam-
inated by interlopers.
Here we consider the accuracy of the group
catalogs, as opposed to the individual groups.
To do so we compare the distributions of various
group properties for our real space and our red-
shift space groups. Tables 1 through 4 present
statistics of the simulated Vm group catalogs.
They are the number of members N , the true
group mass M
true
, the virial theorem mass esti-
mateM
V T





, the mean harmonic radius
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h





, the crossing time t
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, and the mass







and the crossing time t
c
are presented as an indication of the likelihood
of group accuracy. Small 
r
indicates compact-
ness in space and small t
c
means the groups have
had time to virialize. Equations dening all these
quantities are given in the appendix. The ta-
bles give the mean and the three quartiles of the
distributions for each quantity. Each entry in
the tables gives a mean and a standard deviation
obtained from our ten dierent observers. This
same information is given for Rm groups in Ta-
bles 5 through 8, and for RM groups in Tables 9
and 10. Of course, not all of the above quantities
are known for groups selected from a real redshift
survey. Those that are are presented for the HG
and NW groups in the CfA data in Tables 11 and
12.
The distributions of many of these statistics
dier systematically between raw and breakup
catalogs, between HG and NW grouping algo-
rithms, and between Vm and Rm groups. When
group identication is performed in redshift space
in the apparent magnitude limited (Vm) galaxy
catalogs, breakup groups tend to have higher true
mass than do groups in the raw catalogs. Two
eects are at work here. One is that some of the
massive halos which were isolated and ungrouped
in the raw catalog become rich, massive groups
after breakup, thus raising the distribution of
true group masses. The other is that due to the
conservation of luminosity in the breakup proce-
dure, faint, low mass groups in the raw catalogs
disappear in the breakup case. These eects also
cause the breakup groups to have higher median
velocity dispersions and lower radii and crossing
times than the raw groups. Group virial crossing




, are therefore lower
for the breakup groups. Since groups with cross-
ing times greater than the Hubble time cannot
be virialized, lower crossing times should gener-
ally result in more accurate virial masses. This
explains why the virial mass estimates are better
for the HG breakup groups than for the HG raw
groups.
NW and HG groups dier predominantly in
their velocity dispersions and therefore in their
virial masses. Comparing raw HG to raw NW
and breakup HG to breakup NW redshift space
(Vm) groups, we see the primary dierence be-
tween the two algorithms. The smaller veloc-
ity linking length used in the NW algorithm bi-
ases the group velocity dispersions, and hence
the virial masses, to low values. The distribu-
tions of true masses for the HG and NW groups
are almost identical, indicating that the two al-
gorithms tend to pick out the same RM groups.
However, by excluding the high velocity disper-
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sion members of true groups, the NW algorithm
leads to low virial mass estimates. As expected,
this bias does not occur in the Rm catalogs. In
fact, in real space the NW algorithm picks out
groups with slightly higher velocity dispersions
than the Rm HG groups.
After breakup, the virial masses of the HG
groups are larger than before breakup, while the
NW groups have smaller virial masses. The HG
virial masses are in excellent agreement with the
corresponding true masses. This is to be ex-
pected, since the massive halos which we broke
up consisted originally of virialized clumps of
particles. The NW algorithm, on the other hand,
does a poor job estimating group masses because
its velocity linking length is too small.
The Rm group masses, both true and virial,
are not sensitive to the breakup procedure. Breakup
Rm groups have smaller projected and harmonic
radii and larger velocity dispersions than do raw
groups, but these eect cancel each other out in
the calculation of the virial mass.
Groups identied in an absolute magnitude
limited halo sample using a xed linking length
(RM) have signicantly dierent properties than
the groups found in the apparent magnitude lim-
ited halo catalogs (Vm and Rm). Statistics for
the RM groups are given in Tables 9 and 10.
These groups were identied in halo catalogs
with an absolute magnitude limit M
B(0)
<  16;
this is equivalent to volume limiting out to 1000
km s
 1
. The linking length used was 0:55h
 1
Mpc, but the results are similar for a linking
length of 0:27h
 1
Mpc, which is equal to the HG
transverse linking lengthD
L
at 1000 km s
 1
. The
dierences seen between the raw and breakup
Vm and Rm catalogs are also present in the RM
catalogs; e.g., the fact that breakup groups are
more massive than raw groups. But the distri-
bution of RM group masses is signicantly lower
than those of the Vm and RM masses, due to the
fact that so many more faint halos exist in the
RM catalog.
Unfortunately, some and perhaps all of the dif-
ferences between the RM and Vm or Rm catalogs
are due to the eect of the apparent magnitude
limit and hence are sensitive to the method by
which our simulated halos were illuminated. The
reader may note that the virial mass to light ra-
tios in raw RM groups are high compared to Vm
or Rm groups; perhaps this means that we un-
derestimate the trueM
V T
=L of groups in the real
data. We cannot make this claim, however, be-
cause of the manner in which our halos were il-
luminated. The simulation produces many more
faint halos than are observed if we assume a con-
stant mass to light ratio for illuminating all halos.
Instead, we forced our luminosity function to t
that of the CfA data. As a result, the luminos-
ity function of halos rises more slowly than the
mass function at the low end. Consequently, our
low mass halos were assigned even lower lumi-
nosities, resulting in a high M=L for faint halos.
This eect is illustrated in Figure 1, which shows
M
halo
=L as a function ofM
halo
. The spread in the
relation is because assigned luminosities are rank
ordered by circular velocity, which correlates well
but not exactly with M
halo
. The striped eect
arises from the quantization of true halo masses
in units of the particle mass. Since our low mass,
faint halos have high mass to light ratios, our
faint groups present in the RM catalogs will can
be expected to have high mass to light ratios also.
3.2 Internal Properties of CfA Groups
Although it cannot help us judge the accuracy
of the group nding algorithms, it is nonetheless
interesting to look at the properties of the HG
and NW groups identied in the CfA data. These
data are given in Tables 11 and 12. Again we
see that the NW groups have lower velocity dis-
persions and virial masses than the HG groups.







=L are all narrower (as
measured by the dierence between the third and
rst quartiles of the distribution), indicating that
NW groups are a less diverse class of objects than
are HG groups. Again, this comes at the expense
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of biased velocity dispersions. In addition to hav-
ing smaller virial masses, NW groups in the CfA
data tend to be smaller in spatial extent than HG
groups.
NW groups in the CfA data we analyze have
extremely low values of M
V T
=L. NW87 nd a
median mass to light ratio of 220h in the rst
CfA survey, whereas we nd a value of only 110h
in the CfA extension. The discrepancy here is
probably due to the relative depths of the original
CfA survey and its extension, which is one mag-
nitude deeper. Almost all of the groups found
by NW87 were less distant than 8000 km s
 1
,
which is about where the HG and NW scalings
for the velocity linking parameter begin to di-
verge rapidly. As a result, the groups found by
NW87 in their more shallow galaxy sample were
not signicantly aected by the biased velocity
dispersions we see here.
4 Group-Group Correlation Functions
The correlation function (s) is another diag-
nostic by which we can compare the NW and
HG algorithms, and at the same time study the
eects of peculiar velocities on the group corre-
lation function by comparing Vm groups to Rm




































are the radial velocities of two





Hubble's constant. In order to account for edge
eects, a catalog of randomly distributed points
with geometry and selection function identical to





are the number of points in
the data and the random catalog, respectively,
N
DD
(s) is the number of pairs in the data sep-
arated by redshift distance s, and N
DR
(s) is the
number of pairs, one from the data and one from
the random catalog, separated by s. We denote
the galaxy-galaxy luminosity function as 
gg
and
the group-group function as 
GG
.
Calculating the correlation functions requires
constructing catalogs of randomly distributed
points in the same volume as the real or simu-
lated data and with the same selection function.





. A comparison of the redshift
distributions of simulated groups to that of sim-
ulated galaxies revealed good agreement, justify-
ing our implicit assumption of the similarity of
the simulated galaxy and group selection func-
tions. In order to minimize the statistical noise
from the random catalog, we computed (s) for
ten separate simulated catalogs corresponding to
our ten dierent observers, using a dierent ran-
dom catalog for each observer. These results
were then averaged.
We were also concerned with the eects the
edges of the sample volume might have on the
group distribution, since small groups straddling
the edge of the volume may not be identied. In
fact, the simulated group distribution does cut
o abruptly at about 0:1

from the edges of the
sample volume. We compensated for this in our
random catalogs by masking out all points within
0:1

of the edges of the sample when computing

GG




Figure 2 shows (s) for halos and for groups
identied in dierent ways from the raw catalogs.
The corresponding gure for the breakup case is
Figure 3. The general relationships between the
dierent (s) curves for the breakup catalogs and
the raw catalogs are quite similar. However, as
the correlation function of the breakup halos is
higher than for the raw case, the dierent (s)
curves are squeezed together in Figure 3.
In both the apparent and absolute magni-
tude limited samples, the group-group correla-
tion function is higher than that of the galaxies,
as one would expect if clustering is hierarchical
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(Bahcall & Soneira 1983; Kaiser 1984; Bahcall
1988). Ramella et al. (1990) nd this not to be
the case in their analysis of three 6

slices of the
CfA survey extension. Unfortunately, the single
slice of that same data which we are studying
does not contain enough groups from which to
construct a reliable correlation function.
For the simulated raw and breakup catalogs,
the correlation functions have similar slopes but
dier in their amplitudes. First note the be-
havior of 
gg
, which is the main point of dif-
ference between the raw halos and the breakup
halos. 
gg
for the apparent magnitude limited
(Vm) raw catalog lies between the 
gg
curves
computed from raw catalogs which were abso-







=  16 is the faintest halo




=  20 is the
faintest halo visible at 6500 km s
 1
, which is the
median redshift for our groups. This behavior
occurs because the correlation amplitude of our
simulated halos increases with luminosity. This
property has been found in the original CfA sur-
vey (Hamilton 1988). As one looks to more dis-
tant galaxies (or halos), one sees brighter objects
with intrinsically stronger clustering. The corre-
lation function measured for an apparent mag-
nitude limited sample like our Vm catalog is a
weighted average of the correlation functions of
objects of dierent luminosities. This does not
explain the fact that for the breakup groups, the
Vm halos are not any more correlated than the
RM halos which have been absolute magnitude
limited at  16. The reason for this is that the
correlation functions are squeezed together in the
breakup case until their error bars overlap. In
either case, the correlation amplitude of the ha-
los in the apparent magnitude limited catalog is
larger than that of the halos in the absolute mag-
nitude limited catalog by about 0.1 dex, or 25%.
We nd the same amplication of the correla-
tion length in the Vm groups relative to the RM
groups. Again, this is because only groups con-
taining bright and relatively strongly clustered
halos appear in much of the volume of the Vm
and Rm samples. The amount of the increase
in the correlation length appears to be about the
same, or possible a little larger, for the halos than
for the groups.
Because there are fewer NW than HG groups,
the correlation functions for the NW groups are
noisier than but otherwise indistinguishable from
those of the HG groups. This indicates that the
two algorithms are equally suited to determining
the group-group correlation function. We noted
above that the similarity of the distributions of
true mass between the HG and NW groups also
indicated that they tend to locate the same ob-
jects, although the NW algorithm results in bi-
ased virial mass determinations.
Although the Rm groups appear to be more
strongly correlated than the Vm groups, these
curves are noisy and their error bars (not shown)
do overlap. This behavior makes sense when one
considers that the Vm groups typically contain
an Rm group plus some interlopers. Then the
spatial distribution of Vm groups is the same as
that of the Rm groups with a few spurious groups
added at uncorrelated positions. Therefore it ap-
pears that the use of velocities rather than true
distances in identifying groups is adequate for the
computation of a redshift space group-group cor-
relation function.
5 Conclusions
Comparing the internal properties of groups
identied by the HG and NW methods reveals
a signicant bias in the NW groups in deep sur-
veys toward low velocity dispersions and virial
masses. This bias was not signicant in the orig-
inal application of the NW algorithm (NW87)
to the original CfA survey due to the relatively
shallow depth of that survey. Nolthenius (1993)
reports that in fact, a slight negative trend of
M=L with distance was seen in NW87, as we
would expect, and that the eect was more pro-
nounced in his ow-model corrected group cata-
8
log. This eect is simply interpreted as the re-
sult of group truncation due to an overly restric-
tive velocity linking criterion, whereby masses of
groups at large redshift are systematically un-
derestimated. It is seen here in both our sim-
ulated catalogs and in the real data from the
CfA survey extension. For the HG algorithm,
on the other hand, individual mass estimates for







) = 0:003  0:075. The
virial masses of raw HG groups are moderately
overestimated, with the median M
V T
about 50%
larger than the median M
true
, though the error
bars on each of these median values is almost
as large as the dierence between them. Because
our breakup galaxy catalogs match the clustering
of real (CfA) galaxies better than do our raw cat-
alogs, we expect the accuracy of virial masses for
real groups to be close to that seen here for sim-
ulated breakup groups when the HG algorithm
is applied.
Diaferio et al. (1993) nd that the spread in
group masses found by RGH89 is consistent with
the spread in virial mass estimates of a single col-
lapsing loose group viewed from dierent angles.
We nd that the distribution of virial masses is
broader than that of true masses for both our
raw and breakup HG groups. Projection eects
may be responsible for this spread.
We nd that the NW and the HG algorithms
produce groups with similar correlation functions

GG
(s), although the HG algorithm is slightly
better suited to this task because it produces
more groups, for better statistics. Comparing

GG
computed from our Vm and Rm groups in-
dicates that the use of velocities rather than true
distances for identifying groups does not aect




The virial masses of our simulated groups
are higher for our breakup groups than for raw
groups, and in both cases are much higher than
the virial masses of CfA groups. This may be an
important shortcoming of the CDM model, as
this is a purely dynamical eect, not one which
can be ascribed to our halo illumination tech-
nique or to the lack of gas dynamics in the simu-
lation. Our CDM groups are also more strongly
correlated than individual CDM halos, contrary
to the nding of Ramella et al. (1990) for groups
found in the rst two slices of the CfA redshift
survey extension.
Properties of our RM groups dier signi-
cantly from those of our Vm and Rm groups.
This fact should serve as a reminder to those per-
forming cosmological structure simulations that
it is important to compare simulated data to ob-
servations as accurately as possible, by mimick-
ing the observation procedure and including im-
portant eects such as a ux limit.
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6 Appendix: Denitions of Group Prop-
erties
The quantities in Tables 1 through 12 are de-
ned as follows: The number of members in
a group is N . The true mass measured from
the simulation is denoted M
true
and is com-
puted from the largest number of those particles
grouped together by DENMAX which are mu-
tually gravitationally bound. The group mass
quoted is the sum of the masses of the halos in
all RM groups whose membership totally or par-
tially overlaps the membership of the Vm or Rm
group.
A statistical correction is applied to group lu-
minosities to account for group members which
9















is the sum of the luminosities of the
visible members and L
v
is the minimum luminos-
ity visible at a redshift V . When computing the
mass to light ratioM
true
=L we use true distances
of individual group members to convert their ap-
parent magnitudes to luminosities and the true
distance of the group center to make the group
luminosity correction. For the M
VT
=L statistic
we used redshift distances for computing both in-
dividual member luminosities and the group lu-
minosity correction. We also tested using the
group's mean redshift distance for computing in-
dividual members' luminosities from their mag-
nitudes. This made no signicant dierence in
the median group mass to light ratio.
The remaining quantities are dened as by













































where s can refer to either redshift (v) or true (r)
distance and hsi is the arithmetic mean for the

















This measure of the crossing time is equal to
0.343 times the collapse time of a growing ho-
mogeneous spherical perturbation. Groups with
collapse times less than the Hubble time will have




longer crossing times cannot be expected to be
virialized.












Table 1: Internal Properties of Raw HG Vm Groups

Mean 1st Quartile Median 3rd Quartile





















) 0:366 0:262  0:224 0:067 0:159 0:121 0:620 0:122
r
h































) 1041:6 1450:8 135:9 34:6 369:0 84:2 773:3 211:9

Dependences on h have been included in the
quoted values for this and subsequent tables. We
use h = 0:5.
Table 2: Internal Properties of Breakup HG Vm Groups
Mean 1st Quartile Median 3rd Quartile





















) 0:011 0:120  0:360 0:084 0:003 0:075 0:318 0:098
r
h































) 525:6 115:2 153:5 27:9 334:0 43:1 666:3 118:5
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Table 3: Internal Properties of Raw NW Vm Groups
Mean 1st Quartile Median 3rd Quartile





















)  0:183 0:230  0:651 0:132  0:240 0:085 0:095 0:084
r
h































) 1468:3 2571:7 47:9 17:2 112:0 24:6 278:3 81:4
Table 4: Internal Properties of Breakup NW Vm Groups
Mean 1st Quartile Median 3rd Quartile





















)  0:575 0:122  0:965 0:098  0:587 0:038  0:257 0:065
r
h































) 147:1 81:3 57:3 15:1 119:8 25:4 249:6 43:1
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Table 5: Internal Properties of Raw HG Rm Groups
Mean 1st Quartile Median 3rd Quartile





















)  0:006 0:189  0:353 0:200 0:036 0:132 0:406 0:145
r
h































) 632:1 463:9 113:3 61:2 276:9 132:6 857:7 705:2
Table 6: Internal Properties of Breakup HG Rm Groups
Mean 1st Quartile Median 3rd Quartile





















)  0:066 0:066  0:324 0:084 0:019 0:074 0:263 0:072
r
h































) 490:4 82:0 164:4 59:7 335:1 69:9 664:8 141:8
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Table 7: Internal Properties of Raw NW Rm Groups
Mean 1st Quartile Median 3rd Quartile





















)  0:011 0:171  0:309 0:153 0:039 0:141 0:346 0:173
r
h































) 599:5 482:3 104:4 77:6 218:9 127:2 843:2 754:6
Table 8: Internal Properties of Breakup NW Rm Groups
Mean 1st Quartile Median 3rd Quartile





















)  0:064 0:117  0:376 0:077 0:003 0:069 0:237 0:089
r
h































) 435:3 172:5 164:2 64:0 334:1 70:1 658:2 140:9
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Table 9: Internal Properties of Raw RM Groups
Mean 1st Quartile Median 3rd Quartile





















) 0:245 0:038  0:225 0:022 0:209 0:024 0:686 0:047
r
h































) 2001:6 265:4 154:4 8:5 456:8 20:8 1337:6 109:5
Table 10: Internal Properties of Breakup RM Groups
Mean 1st Quartile Median 3rd Quartile





















) 0:052 0:018  0:142 0:018 0:020 0:015 0:193 0:017
r
h































) 1325:1 218:0 252:6 10:0 362:2 9:1 622:8 30:6
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Table 11: Internal Properties of CfA HG Groups
Mean 1st Quartile Median 3rd Quartile







) 13.70 12.93 13.71 14.47
r
h

















) 3365 38 204 572
Table 12: Internal Properties of CfA NW Groups
Mean 1st Quartile Median 3rd Quartile







) 13.22 12.74 13.27 13.85
r
h

















) 973 20 55 188
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for the halos in the
simulation.
Figure 2: Two point correlation functions for
simulated halos and groups in the raw catalogs,
each calculated for ten catalogs corresponding to
dierent observers and averaged over those ten
catalogs. Arrows on the s axis near 0.7 and
0.8 indicate the correlation lengths quoted by
Ramella et al. (1990) for galaxies and for groups,
respectively. A representative error bar for 
GG
is
also plotted. Error bars for 
gg
are much smaller.
The symbol key gives absolute magnitude limit
for the RM catalogs and the value of the linking
length used for the groups. D
0
is the transverse
linking length for the Vm and Rm groups and the
total three dimensional linking length for the RM
groups. Correlation functions for NW groups,
not shown here, are noisier but otherwise indis-
tinguishable from those of HG groups.
Figure 3: Same as Fig. 2, but for the breakup
catalogs.
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